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Development History of CCSM

CSM 1.0

New ocean, land, sea-ice models
New physics in atmosphere

CCSM 2.0

New physics in all models

CCSM 3.0
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Configuration of CCSM for IPCC

Atmosphere

(CAM 3.0)
785 (1.4°)

Land Coupler Sea Ice
(CLM2.2) (CPL 6) (CSIM 4)
785 (1.4°) (x1°)

Ocean

(POP 1.4.3)
(x1°)
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Component Models in CCSM

Multiple dynamical cores: SLD, Eulerian, & Finite Volume
Generalized 2D decomposition of grid
Resolutions with most heritage: T31, T42, and T85 (L26)

Derivative of LANL Parallel Ocean Program
Grid: spherical in S. hemisphere, orthogonal curvilinear in N. hemisphere
Standard resolution: 320 x 384 (L40)

Superset of NCAR LSM and Georgia Tech BATS
Same horizontal resolution as atmosphere
10 layers for soil, up to 5 for snowpack

Up to 5 categories of sea-ice thickness
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Atmospheric Dynamics and Resolution

Improved resolution for regional impact studies
Improved resolution for fidelity in coastal stratus regions

Eulerian for standard IPCC scenario applications
Finite Volume for future development and experimentation
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Technical Infrastructure

IBM SP

HP Compaq

SGI Origin and Altix systems
Linux clusters

NEC and Cray vector systems

Earth System Modeling Framework (ESMF)

Abstracted coupling between physics & dynamics
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Changes to Physics in CAM3

Improved prognostic cloud water & moist processes
Transfer of mixed phase precipitation to land surface
Improved cloud parameterization

Shortwave forcing by diagnostic aerosols
Updated SW scheme for H20 absorption
Updated LW scheme for LW absorption and emission

Introduction of CLM 2.2
Reintroduction of Slab Ocean Model (SOM)
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Increased Cloud Condensate

CAM 3

In-cloud LWP
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» Separate cloud liguid
and ice variables

» Advect cloud condensate

* Include latent heat of fusion

* Use ice & water variables
for cloud optics

- New dependence on temperature
for cirrus particle size

- Sedimentation of cloud droplets
and ice particles

* Modified evaporation of rain
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Increased Cloud Amounts

CAM 3
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* Changes to relative humidity
CAM 2 thresholds
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function of effective radius
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Global Aerosol Assimilation Climatology

Total Optical Depth, by Month: acl02a 1995-200(
January
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Addition of Prescribed Aerosol Forcing

ear-SKy Shortwave Aerosol Forcing
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Changes in Longwave Cooling Rates:
New H20O Lines and Continuum

Tropics — H20 only

Firstr CERES-IT Worrkshep
March 30, 2004




Global Decrease in Longwave Fluxes

Annual Means
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Changes in Shortwave Heating Rates:
New H20O Lines and Continuum
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Global Increase in SW Heating Rates

AShortwave Heating Rate
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Global Decrease in Surface Insolation

of Annual Means
L

©
»

£
s
x
=
[TH
<

o
o
I | | | I | | | I | I | I | I | I | I |
I 1 1 I I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1
L I L I LI I L I L I L I T T T

AFSNTC
A FSNT

Firstr CERES-IT Worrkshep
March 30, 2004




Surface Temperatures: 1990 Integration

b30.009 Annual Surface Temperature [Mar 27 2004]
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Biases in Surface Temperatures

£30.009 (yrs 401-420)
Sea surface temperalure mean= 18.87 c ANN

Min = -3.52 Max = 30,02

HadISST
Sea surface temperature mean= 17.08

Min= 0.00

b30.009 - HadISST
rmse = 1.51

Min= -8.78 Max = 13.51
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Community Involvement in CCSM

Composition of 2001 CCSM Workshop
CCSM

CCSM SSC Advisory
Board

Atmosphere Biogeo- Climate Climate
Model chemistry Variability Change

Working Working Working Working
Group Group Group Group

Land Ocean . Polar Software
Model Model Paleoclimate Climate Engineering
Working Working Working Working orking
Group Group Group Group Group

[ NCAR
M Universities Percent

[ National Labs
[ Agencies
M Private Sector

June 2, 2004
Fall 2005
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The IPCC Integrations

Pre-industrial (1870)

20" Century (1870-
2000)

Emissions Scenarios
(2000-2200)
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Timeline for IPCC Integrations

Eul T85 developmentAuning

T85 2000 Control: 300yr (h30.009
T85 1%Jyr CO2 sensitivity (h30.0°
T85 1870 Control: 400yr (h30.013
T85 1870-2000 #1 (bluesky intisti
T85 1870-2000 #2 (cheetah)

T85 1870-2000 #3 (hluesky inttiat
T85 1870-2000 #4 (cheetah

T85 1870-2000 #5 (bluesky inttisti

IPCC A1B #1 (2000-2300)
IPCC A1B #2 (2000-2200)
IPCC A1B #3 (2000-2200)
IPCC A1B #4 (2000-2200)

£ |IPCC A1B #5 (2000-2200)

IPCC A2 #1-3 (2000-2100)x3
IPCC A2 #4 (2000-2100)

IPCC A2 #5 (2000-2100)

IPCC Const #1 (2000-2100)
IPCC Const #2 (2000-2100)
IPCC Const #3 (2000-2100)
IPCC Const #4 (2000-2100)
IPCC Const #5 (2000-2100)
IPCCB1 #1 (2000-2300)

IPCC B1 #2 (2000-2200)

IPCC B1 #3 (2000-2200)

IPCC B1 #4 (2000-2200)

IPCC B1 #5 (2000-2200)

Jun 30 CCSM2.2 tagged

15t Cortrol runs began

2nd Cortrol runs begin

Yector version ready

Runs must be done: Jul 1 2004
IPCC Lead Authors Meeting: Sep &

A18 2000-2200 (5x)

£2 2000-2200 (5x)

B1 2000-2200 (5x)

B2 2000-2200 (5x) + 2200-2300 (
T85 1870-2000

T85 1870 Control: S00yr
Walidation

Yector development

4 yriday on 192PEs

4.5 yriday on 192PEs
4.5 yriday on 192PEs
3.3 yriday on 192PEs
3.3 yriday on 192PEs
3.3 yriday on 192PEs
3.3 yriday on 192PEs
3.3 yriday on 192PEs
3.3 yriday on 192PEs

2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

3.3 yriday on 192PEs
3.3 yriday on 192PEs
1 yriday on'vwH 96PEs
1 yriday on'vH 96PEs
1 yriday on'vH 96PEs
1 yriday on'WH 96PEs
1 yriday on'WH 96PEs
2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

2 yriday on 96PEs

analysis

40 yriday[500%)]
40 yriday[500%)]
40 yriday[500%)]
40 yriday[500%)]
40 yriday[500%)
40 yriday[500%)

2003 2004
Jun Jul Aug Dec Jan Feh Mar Apr May Jun Jul Aug Oct Nov Dec Jan

T85 developmenttuning é I I PCC RU n T i meta ble l

Hov 14 7 T$5 2000 Control: 300yr (b30.009)
n 4 185 1%yr CO2 sensitivity (b30.014)
: T85 1870 Control: 400yr (h30.013,b30.017)
T85 1870-2000 1 (bluesky initiative)
T85 1870-2000 22 (cheetah)
85 1870-2000 =3 (bluesky initiative)

mmmm [IPCC A1B =1 (2000-2300)

IPCC A1B 22 (2000-2200)
IPCC A1B =3 (2000-2200)

o 3, IPCC A1B =4 (2000-2200)
[NCAR/DOE IBM SP Runs | ce ath s cusomno
Apr 24 IPCC A2 #1-3 (2000-2100)x3
Aug 16 IPCC A2 =4 (2000-2100)

IPCC A2 =5 (2000-2100)

Apr 25

IPCC Const =5 (2000-2100)
Apr 24 POEORNCChEsatEmmmmmm IPCC B1 =1 (2000-2300)
May 1 D0 A IPCC B1 22 (2000-2200)
i 7 IPCC B1 3 (2000-2200)
IPCC B1 24 (2000-2200)
IPCC B1 =5 (2000-2200)

4 Jun 30 CCSM2.2 tagged
0ct17 ¢ 1st Control runs began
Hov 14 ¢ 2nd Control runs begin
Jan1 + Vector version:rea(ly
Runs must be done: Jul 12004 ¢ Jul1
IPCC Lead Authors Meeting: Sep 2004 ¢ Sep 1

NCAR/CRIEPI Vector Runs Y A
Jun 8 - AMB 2000-2200 (5x)

May 14 [ 7 7A2 2000-2200 (5%)
Apr 19 78120002200 (5%)

Feb 11 ‘TBS 1870 Control: 500yr
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Difference in Temperatures: 1870 - 1990
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Development Plans for CCSM, 2004-08

http://www.ccsm.ucar.edu/management/
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CCSM: The Next Two Years

Climate sensitivity from IPCC studies
Process studies from GFDL collaboration, CPTs

Studies of higher resolution and
“benchmark” calculations

News physics/dynamics from Science Plan

Ocean and land biogeochemistry

Prognostic aerosols

Tropospheric chemistry

Physical and chemical model of stratosphere-thermosphere
Isotopes of H,O and CO,

Tracers
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The Evolution of CCSM

The Community Climate System Timeline: Past, Present and Future

P8 3 B 3
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